Because vertebral fractures are the most common type of osteoporotic fracture, the number of osteoporotic vertebral fractures (OVFs) increases as the population ages. Indeed, the Rotterdam study showed that while the incidence of vertebral fractures was 7.8/1000 person-years at ages 55 to 65 years, the incidence increased to 19.6/1000 person-years at ages of 75 years or older for women.^[@R1]^ In the acute stage, OVFs cause severe back pain, disabilities in activities of daily living, and deterioration of the quality of life (QOL). For most patients with OVFs, pain levels and QOL gradually improve as bony union is achieved.^[@R2]^ However, if bony union fails, continuous lower back pain, deterioration of QOL, and even neurological deficits attributable to nerve compression can occur.^[@R3]^ Accordingly, operative interventions such as vertebroplasty, spinal decompression, and instrumentation surgery are performed for patients with such nonunions to reduce back pain and the risk of developing further spinal deformities. However, these procedures have disadvantages of procedural complications and may increase the risk of fracture in the adjacent vertebrae.^[@R4]^ Moreover, while some reports have shown the usefulness of radiological findings for predicting delayed union (3--6 mo after injury),^[@R3],[@R5],[@R6]^ there are few reports that have investigated the risk factors for nonunion (48 wks or longer after injury). Therefore, improved identification methods for patients at high risk of nonunion after OVF are needed so that preventive measures can be implemented to decrease the incidence of this complication.

The purpose of this prospective multicenter study was to characterize a patient population with nonunion after acute OVFs and to compare the union and nonunion groups to identify risk factors associated with nonunion, with a focus on patient-reported outcome measures and radiographic assessments to identify cut-off values for these risk factors.

MATERIALS AND METHODS
=====================

Seventy-one hospitals in Japan joined this prospective multicenter cohort study. From August 2014 to September 2016, female patients aged between 65 and 85 years with one acute OVF were recruited for this study. The diagnosis of OVF was based on the presence of acute low back pain, plain lateral radiographs, and magnetic resonance imaging (MRI) findings. The exclusion criteria included the following: more than two (\>2) previous OVFs from T10 to L2; neurological deficits; spinal metastasis; spinal infections; inability to complete the questionnaires; and incomplete MRI evaluations at enrollment and 48 weeks, since a fresh fracture diagnosis was confirmed by MRI at enrollment and union status was determined by MRI at 48 weeks. A total of 284 patients were enrolled. Reasons for dropout during the 48-week follow-up period included the following: two patients due to changes in osteoporosis medication (bisphosphonate, 1; teriparatide, 1), six due to operations (for neurological deficits, 4; for severe pain, 1; for lumbar spinal stenosis, 1), five due to their own decision, two for dementia progression, three because they changed hospitals, three because of death, one for pneumoniae, 29 for missing MRI at enrollment, 33 for missing MRI at 48 weeks, 34 with no reason given. Finally, 166 patients with 48 weeks of follow-up were included in this study.

This study was approved by the Institutional Ethical Committee, and all patients provided written informed consent. The physicians explained the pathological condition to each patient, and after providing approval, each patient was invited to participate in this study. The patients wore premade braces until they were fitted with a thoracolumbar sacral rigid or soft brace. The braces were indicated to wear at all times for 12 weeks. In terms of antiosteoporosis treatment, the patients were allowed to use only the same medication they were taking before the injury or a newly prescribed active vitamin D drug in order to exclude any negative or positive impact of osteoporosis medication on fracture union. In terms of analgesic use, the patients were allowed to use aspirin, nonsteroidal anti-inflammatory drugs, and weak opiates. The participants did not receive financial support for the treatments, including the braces and pain medication.

Patient-reported Outcome Measures
---------------------------------

For the patient-reported outcome measures, scores on the European Quality of Life-5 Dimensions (EQ-5D-3 L range: −0.111 to 1, with higher scores indicating a better QOL),^[@R7]^ a visual analogue scale (VAS) for low back pain (range: 0--100, with higher scores indicating more severe pain),^[@R8]^ and the Japanese Orthopaedic Association Back Pain Evaluation Questionnaire (JOABPEQ) for pain-related disorders, lumbar spine function, walking ability, social life function, and mental health (range from 0--100, with higher scores indicating better function)^[@R9]^ were used. These questionnaires were administered at a regular hospital visit (0, 12, and 48 wk after brace application). We allowed relatives and carers to help the patients to complete these questionnaires, but the questionnaires were completed without assistance from the surgeon or any other person involved in the trial.

Radiographic Assessment
-----------------------

Lateral radiography was performed at 0, 12, and 48 weeks. MRI was performed at enrolment and at 48 weeks after fracture to confirm union status. In the radiographic analysis, the anterior vertebral body compression percentage (AVBCP), the ratio between the vertical height of the compressed anterior section of the injured vertebral body and the posterior vertebral body height at the same level, was measured independently at 0, 12, and 48 weeks after brace application by two radiologists who were unaware of the treatment method. The mean value from the two evaluators was used. Nonunion was defined as a recognizable gas- or fluid-filled cleft separating the superior and inferior end plates on MRI and radiography at the 48-week follow-up. We slightly modified the MRI classification by Tsujio *et al*^[@R5]^ into confined low-intensity and diffuse low-intensity T1-weighted images and diffuse high-intensity, confined low-intensity, diffuse low-intensity, and fluid-intensity T2-weighted image patterns (Figure [1](#F1){ref-type="fig"}A--F).

![Classification of OVFs on T1-weighted images. **A**, Confined low-intensity image. **B**, Diffuse low-intensity image. Classification of OVFs on T2-weighted images. **C**, Confined low-intensity image. **D**, Diffuse high-intensity image. **E**, Diffuse low-intensity image. **F**, Fluid-intensity image. OVF indicates osteoporotic vertebral fractures.](brs-45-895-g001){#F1}

DATA ANALYSIS
=============

All data were collected by a blinded clinical research assistant. Outcome and risk factor analyses were performed by comparing the union and nonunion groups. We analyzed continuous variables using an unpaired two tailed *t* test for normally distributed data and continuous data with skewed distribution using the Mann--Whitney *U* test after assessing normality with the Shapiro--Wilk test. Fisher exact test was used for nominal variables. To identify the most significant risk factors for nonunion, risk factor analysis was performed by multivariate logistic regression analysis with a forward-backward stepwise procedure (*P* \< 0.1 for entry). Then, odds ratios and their approximate 95% confidence intervals for nonunion were calculated. For continuous variables, the odds ratio reflects the incremental risk associated with a one-unit change in that variable. To assess the cut-off point, a receiver operating characteristic analysis was conducted. For all statistical analyses, JMP version 12 (SAS Institute, Cary, NC), EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), and a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria)^[@R10],[@R11]^ were used. We imputed the missing data measurements with data obtained by the Multiple Imputation by Chained Equations package in R. We chose 20 iterations for multiple imputation. All tests were two-sided, and *P* values \< 0.05 were considered significant.

RESULTS
=======

A total of 166 patients with 48 weeks of follow-up were included in this study. The reasons for patient exclusion are shown in Figure [2](#F2){ref-type="fig"}. Of the 166 patients analyzed in the present study, 29 (17.5%) were diagnosed with nonunion. The baseline characteristics of the patients are shown in Table [1](#T1){ref-type="table"}. There were no significant differences between the two groups in any of the background variables. In particular, regarding the effect of brace treatment on bony union, there were no significant differences in the distribution of braces between the union and nonunion groups.

###### 

Baseline Characteristics of the Patients

  Characteristic                                      Union n = 137     Nonunion = 29     *P*
  --------------------------------------------------- ----------------- ----------------- ---------
  Mean age (SD), yrs                                  75.3 (5.5)        76.5 (5.1)        0.28
  Mean time since fracture, wks                       1.4 (1.1)         1.6 (0.9)         0.14
  Patients under anti-osteoporotic treatment, n (%)   33 (24)           8 (28)            0.81
  Previous vertebral fracture, n (%)                  25 (18)           6 (21)            0.79
  Ethnicity, n (%)                                    Asian 137 (100)   Asian 29 (100)    \> 0.99
  Level, n (%)                                                                            0.60
   T10                                                4 (3)             0 (0)             
   T11                                                9 (7)             2 (7)             
   T12                                                51 (37)           15 (52)           
   L1                                                 46 (34)           9 (31)            
   L2                                                 27 (20)           3 (10)            
  Type of brace                                       Rigid 69Soft 68   Rigid 15Soft 14   \> 0.99

![Participant flow through the study. During the study period, 382 patients were seen at hospitals due to OVFs. Eighty-one patients declined to participate in the study and 17 patients were excluded due to the exclusion criteria. Finally, 284 patients were enrolled in this prospective cohort study. An additional 118 patients were excluded during the follow-up period. OVF indicates osteoporotic vertebral fractures.](brs-45-895-g002){#F2}

Table [2](#T2){ref-type="table"} shows the differences in the patient-reported outcome measures between the union and nonunion groups. At enrollment, there were no differences in any scores between the two groups. At 12 weeks, JOABPEQ social life function, mental health, and lumbar function scores were significantly lower in the nonunion group than in the union group (*P* = 0.03, 0.04, and 0.04, respectively). At 48 weeks, EQ-5D and JOABPEQ walking ability, social life function, mental health, and lumbar function scores were significantly lower in the nonunion group than in the union group (*P* = 0.01, 0.008, 0.049, 0.04, and 0.007, respectively).

###### 

Patient-reported Outcome Measures

  Measure                 Union n = 137   Nonunion n = 29   *P*
  ----------------------- --------------- ----------------- ------------------------------------------
  EQ-5D                                                     
   0                      0.26 (0.30)     0.20 (0.25)       0.38
   12 wks                 0.72 (0.17)     0.68 (0.21)       0.20
   48 wks                 0.77 (0.19)     0.67 (0.18)       0.01[^\*^](#TF2-1){ref-type="table-fn"}
  VAS low back pain                                         
   0                      74.1 (26.2)     79.6 (23.7)       0.32
   12 wks                 26.1 (21.2)     32.8 (28.8)       0.37
   48 wks                 25.0 (25.7)     37.8 (30.5)       0.06
  JOABPEQ                                                   
  Pain-related disorder                                     
   0                      31.9 (31.3)     26.2 (23.2)       0.58
   12 wks                 73.1 (29.6)     67.3 (35.2)       0.49
   48 wks                 60.4 (29.4)     48.9 (33.6)       0.09
  Walking ability                                           
   0                      20.5 (28.4)     9.9 (15.2)        0.15
   12 wks                 56.7 (33.1)     44.5 (33.4)       0.08
   48 wks                 64.9 (33.0)     47.3 (35.3)       0.008[^\*^](#TF2-1){ref-type="table-fn"}
  Social life function                                      
   0                      21.9 (27.3)     13.9 (20.4)       0.26
   12 wks                 55.0 (25.9)     42.4 (29.5)       0.03[^\*^](#TF2-1){ref-type="table-fn"}
   48 wks                 63.3 (25.6)     51.6 (29.4)       0.049[^\*^](#TF2-1){ref-type="table-fn"}
  Mental health                                             
   0                      37.0 (22.5)     38.6 (24.0)       0.95
   12 wks                 55.2 (18.8)     47.2 (20.7)       0.04[^\*^](#TF2-1){ref-type="table-fn"}
   48 wks                 57.3 (19.0)     48.3 (22.1)       0.04[^\*^](#TF2-1){ref-type="table-fn"}
  Lumbar function                                           
   0                      19.4 (26.9)     12.9 (21.8)       0.44
   12 wks                 60.4 (29.4)     46.3 (34.4)       0.04[^\*^](#TF2-1){ref-type="table-fn"}
   48 wks                 69.5 (28.3)     50.8 (35.2)       0.007[^\*^](#TF2-1){ref-type="table-fn"}

^\*^*P* \< 0.05.

EQ-5D indicates European Quality of Life-5 Dimensions; JOABPEQ, Japanese Orthopaedic Association Back Pain Evaluation Questionnaire; VAS, visual analog scale.

Table [3](#T3){ref-type="table"} shows the differences in the radiographic data between the union and nonunion groups. The nonunion group had a significantly lower AVBCP than the union group at 0, 12, and 48 weeks (*P* = 0.02, \<0.001, and \<0.001, respectively). Regarding the MRI findings at enrollment, middle column injury, a diffuse low-intensity T1 image pattern, and fluid-intensity and diffuse low-intensity T2-weighted image patterns were frequently observed in the nonunion group (Table [3](#T3){ref-type="table"}). Based on the possibility of nonunion occurrence in our study, we further classified the T2-weighted images into the following four ordinal categories: very low frequency (confined low), low frequency (diffuse high), intermediate frequency (diffuse low), and high frequency (fluid).

As shown in Table [4](#T4){ref-type="table"}, the risk factors for nonunion in the acute phase were evaluated using a stepwise multiple logistic regression analysis. Based on the univariate analysis, the dependent variable was defined as the presence of nonunion, and the independent variables were AVBCP, middle column injury, and MRI T1 and T2 findings at 0 weeks. As a result, the independent risk factors in the acute phase were identified as MRI T2 findings (compared with those with very low-frequency findings, patients with high-frequency findings had a higher incidence \[odds ratio, 11.4, 95% confidence interval 3.3--44.7, *P* \< 0.001\]) and MRI T1 findings (compared with those with a confined low image pattern, patients with a diffuse low image pattern had a higher incidence \[odds ratio, 4.42, 95% confidence interval 1.14--29.4, *P* = 0.03\]). Next, based on the univariate analysis, the dependent variable was defined as the presence of nonunion, and the independent variables were the JOABPEQ walking ability score, JOABPEQ social life function score, JOABPEQ mental health score, JOABPEQ lumbar function score, and AVBCP at 12 weeks. As a result, the independent risk factors at 12 weeks were identified as the AVBCP (odds ratio = 0.95, 95% confidence interval 0.92--0.98, *P* \< 0.001) and the JOABPEQ social life function score (odds ratio = 0.98, 95% confidence interval 0.96--0.998, *P* = 0.02).

###### 

Radiographic Assessment

  Characteristic                   Union (U) n = 137   Nonunion (NU) n = 29   *P*
  -------------------------------- ------------------- ---------------------- --------------------------------------------
  AVBCP (SD)                                                                  
   0                               73.6 (12.7)         67.5 (12.7)            0.02[^\*^](#TF3-1){ref-type="table-fn"}
   12                              58.6 (14.8)         47.0 (15.5)            \<0.001[^\*^](#TF3-1){ref-type="table-fn"}
   48                              57.0 (15.4)         43.2 (16.2)            \<0.001[^\*^](#TF3-1){ref-type="table-fn"}
  MRI findings at enrollment (%)                                              
   Middle column injury            54 (39)             18 (62)                0.04[^\*^](#TF3-1){ref-type="table-fn"}
  T1                                                                          0.01[^\*^](#TF3-1){ref-type="table-fn"}
   Confined low                    42 (31)             2 (7)                  
   Diffuse low                     95 (69)             27 (93)                
  T2                                                                          \<0.001[^\*^](#TF3-1){ref-type="table-fn"}
   Confined low                    67 (49)             5 (17)                 
   Diffuse high                    28 (20)             4 (14)                 
   Diffuse low                     32 (23)             10 (34)                
   Fluid                           10 (7)              10 (34)                

^\*^*P* \< 0.05.

AVBCP indicates anterior vertebral body compression percentage.

###### 

Independent Risk Factors for Nonunion

  Independent Risk Factors for Nonunion                        
  --------------------------------------- ------ ------------- --------------------------------------------
  0 wks                                                        
  MRI T1 finding                                               
   Confined low                           1.0    Reference     
   Diffuse low                            4.42   1.14--29.4    0.03[^\*^](#TF4-1){ref-type="table-fn"}
  MRI T2 finding                                               
   Very low frequency                     1.0    Reference     
   Low frequency                          1.81   0.41--7.46    0.41
   Intermediate frequency                 3.20   1.02--11.2    0.045[^\*^](#TF4-1){ref-type="table-fn"}
   High frequency                         11.4   3.3--44.7     \<0.001[^\*^](#TF4-1){ref-type="table-fn"}
  12 wks                                                       
   AVBCP                                  0.95   0.92--0.98    \<0.001[^\*^](#TF4-1){ref-type="table-fn"}
   JOABPEQ social life function           0.98   0.96--0.998   0.02[^\*^](#TF4-1){ref-type="table-fn"}

^\*^*P* \< 0.05.

AVBCP indicates anterior vertebral body compression percentage; JOABPEQ, Japanese Orthopaedic Association Back Pain Evaluation Questionnaire.

The cut-off values and their relevant sensitivity and specificity were predicted by receiver operating characteristic analysis. The area under the curve (AUC) indicated that the MRI T2 findings were the best indicators for nonunion. The cut-off value for the MRI T2 findings was the intermediate frequency. The AUC was 0.74 (*P* \< 0.001). The sensitivity and specificity were 0.69 and 0.69, respectively. When a diffuse low-intensity image pattern on MRI T1 findings was used to predict nonunion, the AUC was 0.62 (*P* = 0.003), and the sensitivity and specificity were 0.93 and 0.31, respectively. The cut-off value for the AVBCP at 12 weeks was ≤ 46.7. The AUC was 0.71 (*P* \< 0.001). The sensitivity and specificity were 0.59 and 0.77, respectively. The cut-off value for the JOABPEQ social life function score at 12 weeks was ≤ 27.0. The AUC was 0.63 (*P* = 0.02). The sensitivity and specificity were 0.38 and 0.86, respectively.

DISCUSSION
==========

This study investigated the risk factors for nonunion at 48 weeks after acute OVFs. We found that middle column injury, a diffuse low-intensity T1-weighted image pattern on MRI, and fluid-intensity and diffuse low-intensity T2-weighted image patterns on MRI in the acute phase were frequently observed in the nonunion group. The nonunion group had a significantly lower AVBCP than the union group at 0, 12, and 48 weeks. At 12 weeks, the JOABPEQ social life function, mental health, and lumbar function scores were significantly lower in the nonunion group than in the union group. Furthermore, the nonunion group showed lower EQ-5D and JOABPEQ scores for walking ability, social life function, mental health, and lumbar function at 48 weeks than the union group. Finally, the stepwise multivariate logistic regression analysis showed that the independent risk factors for nonunion in the acute phase were a diffuse low-intensity T1-weighted MRI pattern and fluid-intensity and diffuse low-intensity T2-weighted MRI patterns. To the best of our knowledge, this study is the first to demonstrate that MRI findings could potentially be used to predict nonunion 48 weeks after OVFs.

Although previous studies reported that the incidence of delayed union at 6 months after OVF was in the range of 13.5% to 19.6%,^[@R5],[@R6]^ there are, as far as we are aware, no reports that have investigated the incidence of nonunion (48 wk or longer after injury). Despite the fact that the results are not comparable due to differences in follow-up periods, our study showed that the nonunion incidence 48 weeks after OVF was 17.5%. To date, there is no universal criterion for the diagnosis of nonunion after OVF. The current study defined nonunion as a recognizable gas- or fluid-filled cleft separating the superior and inferior end plates on MRI and radiography at 48 weeks after injury. Although several studies investigated nonunion or delayed union via X-rays,^[@R3],[@R5]^ basic research has shown that even dynamic X-rays are unable to accurately predict fusion outcomes for spinal fusion patients.^[@R12]^ Moreover, while bony union is usually assessed with computed tomography (CT), the use of CT causes a radiation dose effect for the patient.^[@R13]^ Because MRI correlates well with CT for identifying vertebral fracture union and nonunion,^[@R13]^ we used X-ray and MRI to assess the fracture union in this study. Indeed, the patients diagnosed with nonunion in this study showed significantly lower QOL, which is consistent with the symptoms of nonunion.^[@R14]^

Prospective cohort studies found that middle column injury and T2 high-signal changes showed a significant association with delayed union at 6 months after OVF.^[@R3],[@R14]^ Our study also showed that the radiological risk factors for nonunion at 48 weeks after OVF in the acute stage were middle column injury, diffuse low-intensity T1-weighted MRI pattern, and fluid-intensity and diffuse low-intensity T2-weighted MRI patterns. Thus, our results are consistent with the results of previous studies in which the MRI findings in the acute phase can be predictive factors for deterioration in union status after OVFs.

Moreover, we identified that the AVBCP was an independent risk factor for nonunion at 12 weeks. Typically, vertebroplasty or kyphoplasty is considered for patients who have intractable, intense pain from OVF despite at least 6 weeks of conservative medical therapy.^[@R15]^ Thus, the impact of OVF on local spinal deformity formation has not been deeply considered as an indication of vertebroplasty or kyphoplasty instead of low back pain. In our study, while the AVBCP was significantly lower in the nonunion group, the VAS score for low back pain showed no significant differences between the two groups at the 12-week assessment. Expanding on our research, when considering the indications of vertebroplasty or kyphoplasty for patients at high risk of nonunion in the acute phase, physicians should take not only the VAS score for low back pain but also local spinal kyphosis into account.

Our study identified patient populations at high risk of nonunion. While a prospective study showed that initial conservative treatment did not affect patient outcomes,^[@R14]^ another study recently showed that teriparatide treatment more effectively prevented vertebral collapse and cleft formation after OVF than did risedronate treatment.^[@R16]^ Because bone anabolic agents such as parathyroid hormone and sclerostin antibodies have shown to improve fracture union in basic research,^[@R17],[@R18]^ the application of these agents could be a potential alternative for patients with a high risk of nonunion. Further prospective research is necessary to investigate this treatment strategy. Moreover, a clinical study showed that a high tendency for bone resorption is a risk factor for nonunion after spinal fusion surgery;^[@R19]^ thus, comparing fluctuations in the levels of bone turnover markers between the union and nonunion groups may also be interesting.

This study has several limitations. First, a large number of patients (n = 118) were excluded after enrollment. Attrition bias might limit the internal validity of this study. However, attrition in cohort studies of older people does not inevitably indicate bias, as health and social difficulties develop with age.^[@R20]^ Second, because the patients in the present study were Japanese females of an advanced age, it might be difficult to apply these findings to males, other ethnicities, and a younger age group. As a result, more studies across genders, ethnicities, and age ranges are needed. These limitations should be validated in future prospective studies. On the other hand, we believe that our findings could be applied to elderly (65--85 yr old) Asian women. Third, we did not perform bone mineral density assessment. Although the severity of osteoporosis might affect fracture union, a lower bone mineral density does not necessarily reflect an impaired bone formation status. Indeed, a case control study showed that diminished bone quality does not influence the occurrence of nonunion.^[@R21]^

In conclusion, the present study demonstrated that a diffuse low-intensity T1-weighted MRI pattern and fluid-intensity and diffuse low-intensity T2-weighted MRI patterns in the acute phase were significant risk factors for nonunion at 48 weeks after OVF. Patients who have acute OVFs with these risk factors should be carefully monitored for nonunion.Key PointsThis prospective cohort study investigated the risk factors associated with nonunion at 48 weeks after OVFs.Patients with nonunion after OVF had lower EQ-5D and JOABPEQ walking ability, social life function, mental health, and lumbar function scores than those with union at 48 weeks after injury.The independent risk factors for nonunion were a diffuse low-intensity T1-weighted MRI pattern and fluid-intensity and diffuse low-intensity T2-weighted MRI patterns.At 12 weeks after injury, the independent risk factors for nonunion after OVFs were a low anterior vertebral body compression percentage and a low JOABPEQ social life function score.
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